2 1 5 1. Abstract An accurate quantitative relationship between key characteristics of 1 6
2015. We used Culex pipiens catches in gravid traps (Irish et al., 2013) and Aedes 1 0 5 albopictus catches in BG-Sentinel traps (Maciel-de-Freitas et al., 2006) . The trap data 1 0 6 were collected weekly from May 3 to October 23, 2015. Daily trap catch for gypsy moth. Daily gypsy moth male trap catches were not 1 0 8 available to us prior to 2013. Once daily trap catches became available in 2013, followed by 2014 and 2016, we also sought to relate maximum daily trap catch at peak 1 1 0 flight to the season-long trap catch. For this relationship, we used daily trap catches 1 1 1 collected in 2014 as a training set, and daily trap catches collected in 2013 and 2016 1 1 2 served as test sets. Unlike the weekly counts, in which day-to-day fluctuations of insect 1 1 3 counts are automatically averaged out to produce a smooth distribution that deviates variable for a single characteristic such as daily average to be useful in practice. Instead, here we seek to establish a predictive relationship for the range of the daily 1 1 7 counts, that is its conservative upper and lower bounds. It is probably hopeless to try to 1 1 8 derive the range from first principles; instead, we deduce it from our experimental data 1 1 9 for gypsy moth, which we re-interpret as follows. Since the beginning of peak flight week assignment is arbitrary and depends on the day a trap was checked, we simulated 1 2 1 different week assignments using a sliding window of 7 days to determine the week of 1 2 2 peak flight, making sure that the maximum observed value of daily catch is always 1 2 3 included in the "peak flight" week. In effect, the procedure simulates 7 different 1 2 4 experimental outcomes. The analysis yielded a range of proportionality coefficients 1 2 5 between trap catch during the peak flight week and the peak daily value. when their population reaches 1% of the maximum population, consistent with our own 1 3 5 experiments, Figure 2 . We also demonstrate below that the specific value of "trap 1 3 6
sensitivity" is not very important for as long as it is high enough -the mathematical 1 3 7 structure of the resulting equation is such that it is insensitive to the value of the follows: the traps begin to catch insects at t = t p -F/2, when the insect density rises 1 4 0 above the 1% trap sensitivity threshold, and stop at t = t p + F/2, once the insect density Figure 2 . Then, the cumulative catch (A)
The full width F of a Gaussian function at 1/100 (1%) of the maximum is related
which is the main result of this work. Its robustness to the assumptions is discussed
below, and is demonstrated experimentally.
We stress that the derivation of Eq. 1 did not involve any fitting to experimental 1 5 1 data. The relationship is expected to hold as long as the following conditions are do not saturate. The importance of (1) and (2) estimates would be flat around the peak, no longer representative of the true insect 1 6 0
abundance, and the model that assumes a Gaussian distribution would fail.
Robustness of the model. Assumptions (2) and (3) population, which will affect the trap sensitivity threshold, Figure 2 ), but note that the 1 7 2 functional dependence of K on the trap sensitivity threshold is extremely weak,
In the above example of the threshold changing from 1/100 to While assumption (1) is likely to hold for many species, it implies that the insects as close to idealized Gaussian as they are for the gypsy moth, Figure 2 , although in all Relationship to daily trap catch for gypsy moth. For reasons discussed in 2 0 6
"Methods", here we seek to relate the range of daily trap catches during the peak flight 2 0 7
week to the other measurable parameters such as the maximum weekly and the total in 2013, from 0 to 10 males/trap/day in 2014, and from 0 to 15 in 2016. In an idealized 2 1 0 scenario, without random day-to-day variation, trap catches during the peak week of 2 1 1 flight period can be calculated as:
where M pd is the daily peak, that is the absolute maximum of the distribution. In here, ߪ is considerably larger than 7 days, and so the integrand varies little over the 2 1 5
integration range in the above expression. However, in reality, daily values fluctuate 2 1 6 significantly around the predicted Gaussian peak, resulting in two effects. First, the ( Figure 5 ). Clearly, the maximum daily catch during the week of peak flight is within the 2 2 5 estimated lower and upper bounds. apply them in the management programs. The data collected on gypsy moth phenology over the past 16 years allowed us 2 7 4
to conduct a comprehensive analysis and relate season-long and weekly trap catches pheromone-baited traps. To account for this variability, the model provides a range for a daily peak value, 2 8 0
to allow researches and managers to estimate best and worst case scenarios, predict 2 8 1 efficacy of control tactic, and make decisions to ensure optimal results. In addition to the Our main result -the uncovered linear relationship between insect counts during 2 8 7 the week of peak abundance, length of activity period and season-long trap catches -2 8 8 has already been verified for three very different insect species. The fact that the 2 8 9
relationship holds, quantitatively and accurately, for species with quite different biology, 2 9 0 is indicative of the generality of the relationship. It may therefore not be surprising if 2 9 1 future investigations identify other species for which the same relationship holds true. Newtown Square, PA: USDA Forest Service. 
